To establish the basis for implementation of a producer education program, a social assessment of the willingness and barriers to adoption of a measure of feed efficiency in beef cattle [residual feed intake (RFI)] was conducted. A 35-question mailed survey was sent to 1,888 producers acquired from the stratified random sample of the Idaho Cattle Association member list (n = 488), Red Angus Association of America member list (n = 2,208), and Red Angus Association of America bull buyer list (n = 5,325). The adjusted response rate for the survey was 49.9%. Of the survey respondents, 58.7% were commercial cow/ calf producers and 41.3% were seedstock producers or operated a combination seedstock/commercial operation. Commercial operations had an average of 223 ± 17 cows and 13 ± 3 bulls, whereas seedstock herds (including combination herds) had slightly fewer cows (206 ± 24) and more bulls (23 ± 6). Both commercial and seedstock operators indicated that calving ease/ birth weight was the most important trait used to evaluate genetic merit of breeding bulls. Only 3.8 and 4.8% of commercial and seedstock producers indicated that feed efficiency was the most important characteristic used for bull selection. Binary logistic regression models were used to predict willingness of seedstock producers to begin collecting data for the calculation of RFI on their bulls, or to predict willingness of commercial producers to begin selecting bulls based on RFI data. In response, 49.1% of commercial producers and 43.6% of seedstock producers indicated they were willing to adopt RFI as a measure of feed efficiency. These data indicate that feed efficiency was one of the traits that producers consider important; those who perceive feed efficiency as important tended to be actively involved in data collection on their herds, underpinning the notion that objective assessment was valued and used by some. Additional data collection in a future social assessment will continue to elaborate the proportion of producers who perceive feed efficiency as an increasingly important decision and management tool for beef production.
INTRODUCTION
Feed efficiency concepts now offer herd management scenarios to enable an emphasis on cost savings as well as income generation, enhancing sustainability, as has occurred in Australia (Arthur et al., 2004) . Residual feed intake (RFI) is a metric of feed efficiency that allows producers to estimate an expected cost savings because of reduced inputs related to a more feed-efficient herd. The potential benefits to the beef industry from adoption of technologies to improve genetic merit for RFI appear to be substantial as supported by a recent modeling study; for bulls used in the model breeding schemes, improvement in profit ranged from 9 to 33% when optimal numbers of bulls were selected for intake measurement .
Despite emerging benefits that can result from the use of RFI data (Hill et al., 2005) , the literature has not included a national-scale social assessment of the willingness to consider or barriers against adoption of RFI technology. Previous related literature remains limited in geographic scope, such as the study of Kinnucan et al. (1990) analyzing predictive factors affecting adoption of bovine ST in dairy cows; Gillespie et al. (2007;  see also Kim et al., 2005) analyzing economic benefits, education from agencies and extension, diversification of operation, and financial assets related to best management practices; and Ward et al. (2008) measuring herd size, reduction of labor, and economic dependency of farms on cattle. To expand previous findings with respect to the particular interest area as well as the geographic scope, we combined our interest in RFI with a desire to understand producer awareness of this complex trait at the regional and national scales. The current study has provided a platform to engage producer awareness, understanding, and eventual adoption of objective measures of feed efficiency such as RFI and underpin direct outreach to and engagement of producers to design a highly effective producer education program that focuses upon feed efficiency in beef cattle.
MATERIALS AND METHODS
Following an iterative design phase, the Institutional Review Board at the University of Idaho granted approval of human subject assurances for the project.
Social Survey
The survey methodology followed a modified Dillman approach (Dillman, 2007) . Briefly, the frame used for the stratified random sample was derived from 3 sources: the Idaho Cattle Association (ICA) member list (n = 488), the Red Angus Association of America (RAAA) member list (n = 2,208), and the RAAA bull buyer list (n = 5,325). The ICA list was censused (i.e., every eligible member on the list was included in the sample), and separate random samples of 700 individuals were selected from each of the RAAA member and buyer lists, resulting in a total sample size of 1,888. A social survey approach in this case optimizes the ability to gauge perceptions, attitudes, and other characteristics across multiple groups and a broader geography.
The 35-question survey, accompanying explanatory letter, and a self-addressed stamped envelope were mailed on January 24, 2008. A postcard was sent to remind respondents to complete the survey 2 wk later (February 6, 2008) . There was a period of 2 wk between the initial survey and postcard due to weather-related mail delays. On February 21, 2008, a second letter with another copy of the survey and self-addressed stamped envelope was sent. Follow-up phone calls of a subsample of 400 nonrespondents from the RAAA member and buyer lists were made from March 6 to March 19, to reduce nonresponse. Follow-up phone calls were made using computer-assisted telephone interview software (SPSS Inc., Chicago, IL), and data were entered directly into a database. Each household in the sample was called twice, and messages were left on answering machines when available.
Data Analyses
Descriptive statistics were generated using the surveyfreq and surveymeans procedures (SAS Inst. Inc., Cary, NC); the survey logistic procedure was used to conduct the multivariate analysis of SAS. Because of the stratified sample design, respondents in each of the different groups had known but unequal probabilities of inclusion in the sample (although within a category, every respondent had the same probability of inclusion). The unequal probability of selection in the statistical analysis was accounted for through weighting. Results presented are percentages based on the weighted frequencies.
A binary logistic regression model with a logit link function was used to predict willingness of producers to begin collecting data for the calculation of RFI on their bulls (for seedstock producers) or willingness of producers to begin selecting bulls based on RFI data (for commercial producers). In this analysis, the 2 response categories "willing" and "very willing" were pooled together and identified as "willing," and the responses "neutral," "unwilling," and "very unwilling" were pooled together and identified as "unwilling" (Table 1) . Categories were grouped this way for 2 reasons: first, because of sample size considerations, only 15, 48, and 29 individuals were in the extreme categories of "very unwilling," "unwilling," and "very willing," respectively, and second, we were most interested in understanding the factors that predict early adoption of a new production practice, in this case, what factors determine if a producer states that he or she was "willing" (however strongly) to adopt RFI in their operation. Individuals (n = 25) who stated they do not make these decisions on their operation were omitted from this analysis.
The predictor variables used in this model were as follows: 1) importance of the growth trait (e.g., weaning or yearling weight) for a bull when deciding to use it in their operation; 2) importance of the feed efficiency trait for a bull when deciding to use it in their operation; 3) whether or not an individual used actual measured feed efficiency in their selection protocols; 4) level of knowledge of the individual about the feed-to-gain ratio; 5) an index variable created out of 3 self-perception variables, to what extent an individual agreed with Producer responses to the question "Given your current level of knowledge about RFI, how willing would you be to begin collecting data for the calculation of RFI (seedstock producers) OR how willing would you be to begin selecting bulls based on RFI if the data were available from your seedstock supplier (commercial producers)?" 2 χ 2 = 1.6284, df = 1, P = 0.2019.
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"Willing" includes the categories of extremely willing and willing combined. 4 "Unwilling" includes the categories of neutral, unwilling, and extremely unwilling combined.
the statements "I consider myself an aggressive adopter of new production practices," "I tend to wait and see how a new practice works for others in the industry before I adopt it for myself," and "I depend on breed associations or seedstock suppliers to take leadership on new technologies or production practices"; 6) number of years an individual had been in the beef production industry; 7) region of the country the operation was located (as defined earlier); 8) number of cows on the operation (herd size); 9) percent of calves sold at weaning; 10) percentage of calves sold at yearling; and 11) total amount of hay (in metric tons) grown or purchased on the operation in a year on a per-head basis. Analyses were conducted separately for seedstock and commercial producers using the same predictor variables.
RESULTS

Response Rate
A total of 902 respondents completed the mailed portion of the survey, although response to any given question varied due to item nonresponse. Thirteen surveys were returned as nondeliverable, and 23 respondents declined to participate in the study. The mail survey also found 91 respondents to be ineligible because they no longer owned or managed a beef cattle operation. The remaining 859 candidate respondents were not successfully contacted. The final adjusted response rate (AAPOR, 2006) for the survey was 49.9%. Within each stratum (ICA, RAAA members, and RAAA buyers) the respective final adjusted response rates were 56.9, 49.7, and 45.2%.
Respondent Characteristics
The majority of operations were commercial cow/ calf (58.7%), whereas 41.3% were seedstock producers (including combination herds). Most seedstock respondents owned the cattle operation (93.3%), whereas 5.2% were managers. Commercial respondents had a similar distribution: 94.4% were owners and 4.1% were managers. In both cases, the remaining respondents were cow bosses, head cowboys, or co-managers or partners. The mean (±SD) respondent age for seedstock producers was 52.6 ± 0.8 yr, with 25.3 ± 0.9 yr of experience managing a beef cattle operation. Commercial producers had a mean age of 56.1 ± 0.7 yr, with 30.7 ± 0.8 yr experience managing a beef cattle operation. The education of respondents was as follows: 1.3% of seedstock producers and 3.0% of commercial producers did not have a high school diploma, 22.6 and 28.2% of seedstock and commercial producers, respectively, had high school diplomas or the equivalent, 23.2 and 27.9% had technical or vocational degrees, 30.4 and 27.3% had college degrees, and 22.5 and 13.5% had some postgraduate work or a graduate degree. Nearly three-quarters (72.7% of seedstock and 74.1% of commercial producers) agreed or strongly agreed with the statement "my hope is to have my children continue ranching on my operation."
Regional representation was categorized by first determining the geographical region that each respondent belonged to (by state of residency), based on the 8 regions used by the National Cattlemen's Beef Association (NCBA). These NCBA regions were then pooled into 3 larger regions: north (NCBA regions 1, 3, and 7), south (NCBA regions 2 and 4), and west (NCBA regions 5 and 6, Figure 1) . Nationally, 50.6% of seedstock producers were from the north, 21.4% were from the south, and 28.0% were from the west. Of commercial producers, 55.6% were from the north, 12.1% were from the south, and 32.3% were from the west.
Cattle Operation Characteristics
Most of the operations had British breeds exclusively (77.4%), with 18.5% having a combination of British and Continental breeds, and the remainder having only Bos indicus, or a combination of the 3 principal breed types.
Descriptive statistics of the operation characteristics are shown in Table 2 . Briefly, commercial operations had an average of 223 ± 17 cows and 13 ± 3 bulls. Seedstock herds had slightly fewer cows (206 ± 24) and more bulls (23 ± 6), on average. Commercial producers sold an average of 50% of their calves at weaning, and retained 34% through yearling and 16% through harvest. Seedstock producers sold an average of 38% of their calves at weaning, and retained 40% through yearling and 21% through harvest. The average number of cows marketed per year for commercial and seedstock producers was 26 ± 3 and 21 ± 3, respectively. Commercial and seedstock operations purchased an average of 3 and 2 bulls per year, respectively, at an average per-animal price of $2,326 ± 46 and $3,097 ± 111, respectively. Commercial producers harvested an average of 913 ± 451 t of hay per year and purchased 52 ± 7 t of hay per year, whereas seedstock producers harvested an average of 574 ± 91 t of hay per year and purchased an average of 67 ± 8 t of hay per year.
When asked about the types of genetic information that seedstock producers provided to their buyers, or the types of genetic prediction information currently provided to commercial producers by their seedstock supplier, three-quarters (76%) of all respondents indicated they provided or used EPD, and nearly as many (73%) provided or used raw measurement data. Slightly fewer used ratio data (62%) or written or verbal comments from the seller (57%). The least often provided or used information types were productivity of related animals (49%) and genetic markers (17%; Table 3 ).
Producers were asked to indicate the level of importance they attribute to each of 10 traits or visual characteristics commonly used to evaluate bull quality or value or both (Figures 2a and 2b ). The trait with the Figure 1. Regional representation was characterized by first determining to which geographical region each respondent belonged (by state of residency), based on the 8 regions used by the National Cattlemen's Beef Association (NCBA). These NCBA regions were then pooled into 3 larger regions: north (NCBA regions 1, 3, and 7), south (NCBA regions 2 and 4), and west (NCBA regions 5 and 6). Figure 2 . A) Level of importance commercial producers place upon bull traits or visual characteristics or both when deciding whether to breed a particular bull to their commercial cows (means ± SEM). B) Level of importance seedstock producers place upon bull traits or visual characteristics or both when deciding whether to use a particular bull in their AI breeding program to produce seedstock bulls (means ± SEM).
greatest proportion (70%) of commercial producers rating it as very important was calving ease. Disposition and reproduction traits were also rated very highly (i.e., very important) by 70 and 67% of commercial producers, respectively. In contrast, feed efficiency was rated as very important by only 40% of commercial producers (Figure 2a ). Seedstock producers were most likely to rate reproduction as very important (79% of seedstock producers). Disposition and calving ease were rated as very important by 70 and 69% of seedstock producers, respectively. Feed efficiency was rated as very important by 43% of seedstock producers (Figure 2b) .
When producers were asked to identify which one of the 10 traits was most important when purchasing a bull (Table 4) , both operation types identified calving ease/birth weight as the highest priority (40.0%, commercial; 31.5%, seedstock). The second and third highest priority traits were growth and reproduction among commercial producers (16.5 and 11.2% of respondents, respectively), whereas reproduction was followed by growth for seedstock producers (16.7 and 14.2% of respondents, respectively). Bull traits receiving the least responses were price for seedstock operations (1.2%) and hide color/visual appearance among commercial producers (1.5%).
Relationship Between Knowledge of Feed-to-Gain Ratio and RFI
A χ 2 analysis was conducted to determine if a relationship exists between producer knowledge of the feedto-gain ratio and awareness of the term RFI. A RaoScott χ 2 statistic was used to account for the stratified sample design. Among commercial producers, of those who reported no knowledge of the feed-to-gain ratio, only 16% reported having heard of the term RFI. In addition, of those who stated they were very knowledgeable about the feed-to-gain ratio, 50% reported having heard the term RFI (χ 2 = 11.0205, df = 3, P = 0.0116). Similarly, among seedstock producers, only 14% of respondents with no knowledge of the feed-to-gain ratio had heard the term RFI, compared with 51% of those who reported being very knowledgeable about the feedto-gain ratio (χ 2 = 26.8366, df = 3, P < 0.0001).
Multivariate Analysis
The fit of the binary logistic regressions were tested using the generalized coefficient of the determination (R 2 ) and the area under the receiver operating characteristic curve, which is a measure of the ability of the model to discriminate among individuals in the different outcome groups (in this case, categories of willingness to adopt; Hosmer and Lemeshow, 2000) .
The fit statistics in the model predicting willingness of seedstock producers to measure RFI were R 2 = 0.7467 and c = 0.720, indicating good fit and discrimination. In the model predicting commercial willingness of producers to measure RFI, R 2 = 0.7832 and c = 0.639, indicating good fit and fair discrimination.
In the binary logistic model predicting willingness seedstock producers to measure RFI for use in their selection program, it was observed that producer perception of the importance of feed efficiency (P = 0.0019), current use of actual measured feed efficiency (P = 0.0043), and the fraction of their calves sold at weaning (relative to all other times, P = 0.0213) were the only significant predictors. Herd size tended (P = 0.0970) to influence the willingness to incorporate RFI into selection (Table 5) .
To examine the effect these variables had on producer willingness to adopt RFI, the parameter estimates were examined (Table 6 ). Producers who stated that feed efficiency traits were unimportant when selecting a bull were less likely (P = 0.0008) than those who stated the trait feed efficiency was very important to be willing to adopt RFI. Those producers who currently used feed efficiency in their selection program were more likely (P = 0.0043) to be willing to adopt RFI than those who do not select based on feed efficiency. Those who sold a greater percentage of their calves at weaning were less likely to be willing to adopt RFI (P = 0.0213) than Producer responses to the question "Which of these traits do you consider to be MOST important when purchasing a bull?" those selling fewer calves at weaning. Those with larger herds tended (P = 0.0970) to be more willing to adopt RFI than those with smaller herds.
In the model predicting willingness of commercial producers to adopt the use of RFI as a measure of feed efficiency, none of the terms in the model influenced the response variable (Table 7) . However, 2 variables tended to influence a willingness to adopt: region of the country (P = 0.0746) and total hay per head (P = 0.0824, Table 7 ). Producers from the north were less likely (P = 0.0412) than those from the west to be willing to adopt RFI (Table 8) , whereas those from the south were more likely (P = 0.0286) than those from the west to be willing to adopt RFI.
DISCUSSION
Recent studies have analyzed various technical aspects of RFI such as forage intake differences (Meyer et al., 2008 ) and meat quality and palatability (Baker et al., 2006) , but have largely failed to address the social lag in RFI adoption. It is possible that the complex nature of the trait may invoke initial producer resistance to adoption. Thus, it is important for animal scien- Terms included in the binary logistic regression model to predict willingness of seedstock producers to begin collecting data for the calculation of residual feed intake on their bulls. The self-perception index variable was created out of 3 self-perception variables: 1) to what extent an individual agreed with the statements "I consider myself an aggressive adopter of new production practices," 2) "I tend to wait and see how a new practice works for others in the industry before I adopt it for myself," and 3) "I depend on breed associations or seedstock suppliers to take leadership on new technologies or production practices." tists to understand underlying drivers of beef producer awareness and technology adoption, especially if these driving factors are inhibiting progress.
The literature on beef industry adoption practices is sparse. Perceptions of pricing risk (Riley and Schroeder, 2008) and optimum marketing strategies (Schroeder et al., 1998) have received some attention, and state-based studies have yielded results indicating adoption trends are tied to economic resources, incentives, and diversification (Kim et al., 2005; Gillespie et al., 2007; Ward et al., 2008) . Published literature that includes the use of a social survey to evaluate beef cattle producer selection practices in the US beef industry is unavailable. However, regular surveys of beef producers have been conducted by the USDA National Animal Health Monitoring System (NAHMS; USDA, 2009), with a primary focus toward management and health-related aspects of beef production. The most recent evaluation, an in-depth survey of 2,872 beef cow/calf operations in 24 states with the largest beef cow populations (80% of operations and 88% of cows), has been reported by NAHMS (USDA, 2009). Of those surveyed producers, 9.5% were seedstock, 76.3% commercial cow/calf, and 14.2% a combination of both. When asked about predominant breed types on the operation, 54.9% of survey respondents indicated that all or most of their 2007 calf crop consisted of British breeds, whereas 17.9% indicated that all or most were Continental breeds, and 10.1% were B. indicus (USDA, 2009). The relatively large percentage of producers with British breeds exclusively were likely due to the sample frame (Red Angus breeders and bull buyers in the survey population, and fewer respondents sampled from the south region, which tend to have B. indicus cattle). In comparison, a much larger percentage of respondents in the current study were seedstock (41.3%), likely due to the fact that the sample frame in the current study was derived primarily via a breed association database. Additionally, in the current study the vast majority of respondents exclusively had British breeds (77.4%), which is much greater than was reported in the NAHMS results (USDA, 2009). Only parameter estimates that were significant (P ≤ 0.10) in the binary logistic regression model to predict willingness of commercial producers to begin selecting bulls based on residual feed intake data have been included.
In a variety of agricultural research contexts, documented factors affecting the rate of adoption for new practices or technologies have included social status, economic constraints, barriers to accessing information, awareness, factors of innovation style, and trialability (Napier, 2000; Upadhyay et al., 2003) . For instance, trialability can demonstrate benefits to reduce uncertainty as well as encourage individuals to consider new skills or knowledge needed for implementation (Pannell et al., 2006) . In the present study, related factors to assess the structural vs. perceptual dimensions of the awareness and willingness of beef producers to consider RFI were tested. Structural dimensions reflect characteristics of a producer or the operation that do not easily change. Perceptual dimensions reflect changeable attitudes, beliefs, or perceptions producers may carry that affect behavior and decision-making. Although the survey implemented for this study has limitations through a discrete set of indicators, its value outweighs the limits to extend analyses of factors affecting adoption of a specific emerging production technology to representative samples of beef producers.
Implementation of policies to enhance production of biofuels has changed the underlying cost structure feed and fuel inputs for beef production (Lawrence, 2009) . Thus, more than ever before, to be profitable, beef producers will be faced with carefully controlling production costs. The RFI concept provides an effective approach to identifying beef animals that require less feed input per unit of beef production (Ahola and Hill, 2008) . Our research interest in RFI and a desire to engage this useful concept into the US beef production system led us to ask 2 questions: 1) what is the present status of producer awareness and understanding of RFI and 2) what are the major barriers to adoption of RFI? Limited informative literature is available; thus, a national census was developed to become informed and to share findings with the broader animal science and beef producer communities. Follow-up studies could capitalize on this baseline assessment with additional and more specific questions pertaining to RFI and various measures of feed efficiency. The current study was limited to do a broader assessment to begin this interdisciplinary application.
Animals that are more efficient in processing feed have less input (feed) costs for a given amount of output (beef). From an economic perspective, a producer could increase profit margins by reducing expenses in the form of reduced feed costs. This strategy has not been widely implemented in the United States; instead, the value-based pricing structure in use by the US beef industry provides few incentives for producers to produce high quality products (Tronstad and Unterschultz, 2005) , with the possible exception of vertically integrated production units. However, market volatility in production costs (such as feed and fuel) can quickly cut into the profit margin of even a highly successful producer. Thus, producers stand to benefit financially if they can reduce their input costs in the face of market fluctuations.
Seedstock producers in this population expressed greater reluctance regarding the willingness to adopt RFI technology, though this difference was not statistically significant. It is important to note that although these producers could see both short-term (in the form of higher prices for their bulls) and long-term (as reduced feed costs) benefits, it is also seedstock producers who would bear much of the up-front costs of testing bulls for RFI and validating that their progeny would be similarly feed efficient. In addition, the long-term benefits of selecting for RFI are significantly greater than the short-term benefits, so if producers are not fully informed about the potential savings in feed over the lifespan of their animals, it could seem to a seedstock producer that the financial benefits do not outweigh the costs. Conversely, commercial producers may be waiting for seedstock producers to take the lead on selecting for RFI and would be willing to pay a greater (but as yet unknown) premium for bulls selected for RFI because of smaller up-front costs to their operations.
Not surprisingly, seedstock producers who previously valued feed efficiency were the most willing to adopt it as a general production practice. It is these producers who either have the most knowledge of the longterm cost savings afforded by RFI or who have already implemented some measure of feed efficiency on their operation. It is likely that more education about RFI, directed at seedstock producers, or market forces that generate price premiums for bulls evaluated for RFI will motivate an increase in the proportion of seedstock producers selecting for RFI. Although no significant difference in per-head feed purchased or raised between commercial and seedstock producers was detected, this initial survey did not capture all of the costs involved with feeding and maintaining a herd. Future research should delineate more of the costs and benefits of RFI on total herd maintenance costs.
In the analysis testing willingness of commercial producers to adopt RFI as a production practice, it was found that none of the models tested were significant at the traditional level of significance (α = 0.05). This result may be explained by differing hypotheses that are not necessarily mutually exclusive. First, commercial producers in general may tend to vary more as a group compared with seedstock producers. Although the sample size in the current study was quite large, such variation might make finding statistically significant within-group differences difficult. Subtle regional effects were detected. Second, as noted above, if commercial producers were aware of RFI at all, they may simply be waiting for their seedstock producers to take the lead on adoption, which was not a variable specifically tested in this model. Third, it could be that a different untested structural or perceptual variable could explain adoption among commercial producers.
It is clear that there is not much literature describing aspects of beef cattle industry producer perceptions or adoption rates of technology. The present study has provided some indicators of the present beef producer perceptions with respect to feed efficiency and more specifically RFI as a tool for genetic improvement. It is costly to obtain RFI data. The RFI concept is complex and not readily understood when first encountered, even for trained scientists. The analysis presented here has not revealed any relationships between these 2 factors and producer adoption of RFI. Thus, the results of this survey provide a benchmark from which scientists and the industry can study the future adoption of RFI technology to improve the profitability of the beef industry .
In many different contexts, technological advances remain underutilized due to barriers of adoption. The variables tested here did not reveal a highly predictive model of the willingness of beef producers to adopt RFI as a decision tool yet, but results indicate some patterns logically consistent with similar agricultural contexts of adoption (e.g., emergence, lag, and the need for demonstrated effects). Beef producers may be more apt to adopt RFI in the United States once the combined timing of economic volatility constraints, accessibility, and size/scale of operations produces a viable mixture for managing the perceived risks associated with the emerging technology.
